Background
==========

Coronary artery disease (CAD) is common in middle-aged and elderly people. However, the incidence of CAD in young patients has also increased in recent years \[[@b1-medscimonit-25-5306]\]. Conventional risk factors such as hypertension, diabetes (DM), hyperlipidemia, and smoking do not explain all CAD cases in young patients. Homocysteine (Hcy) is a disulphide amino acid present at low concentrations in cells (\<1 μmol/l) and in plasma at 5--15 μmol/l. It is nonprotein amino acid and an intermediate in methionine metabolism that arises when methionine acts as a donor in methylation reactions. Hcy has been extensively studied and is considered to be an independent CAD risk factor \[[@b2-medscimonit-25-5306]\].

Hyperhomocysteinemia (HHcy) is an independent risk factor in young CAD patients \[[@b3-medscimonit-25-5306]\]. Few studies have assessed the relationships between HHcy and culprit coronary plaque phenotypes in young patients.

Optical coherence tomography (OCT) with a resolution of 10--20 μm has become the most accurate instrument for intracoronary evaluation \[[@b4-medscimonit-25-5306]\]. It is used to a large extent to assess the microstructure of atherosclerotic plaque, which may be a key factor in determining plaque stability. OCT characteristics are validated by histologic evaluation \[[@b4-medscimonit-25-5306],[@b5-medscimonit-25-5306]\].

In the present study we evaluated the relationship between culprit atherosclerotic plaque OCT-phenotyping and HHcy in young patients.

Material and Methods
====================

Ethics approval
---------------

The study, in accordance with the Declaration of Helsinki, was approved by the local ethics committee of the hospital. Since the retrospective study and data analysis were performed anonymously, the study was exempt from the informed consent requirements.

Study population
----------------

This was a single-center study. Between April 2014 and March 2017, 123 consecutive patients (≤45 years of age) who underwent OCT were selected, including patients with stable CHD and acute coronary syndromes (ACS). According to the level of homocysteine, they were divided into a HHcy group (53 cases, Hcy ≥15.5 μmol/l) \[[@b6-medscimonit-25-5306]\] and a control group (70 cases, Hcy \<15.5 μmol/l). We excluded patients with a known history of severe hepatic or renal dysfunction, an ongoing inflammatory condition, familial hypercholesterolemia, or arteritis. Patients with poor OCT images, incomplete follow-up data, or missing data were also excluded.

Definition of cardiovascular risk factors
-----------------------------------------

The definition of a smoker was current smoking. Overweight was defined as a body mass index (BMI) \>25 kg/m^2^. Hypertension referred to systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg or treatment of hypertension. DM meant a fasting blood glucose \>126 mg/dl or treated DM (adhering to a diabetic diet or prescribed an oral hypoglycemic agent). Total cholesterol \>200 mg/dl or being treated for hypercholesterolemia was defined as hypercholesterolemia. Metabolic syndrome (MetS) was defined as an adult meeting 3 or more of the following indicators \[[@b7-medscimonit-25-5306]\]: waist circumference ≥90 cm for males or ≥80 cm for females; triglycerides ≥150 mg/dL; high-density lipoprotein cholesterol ≤40 mg/dL; systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg or treated for hypertension; and fasting blood glucose level ≥100 mg/dL or treated DM. A family history of CAD was defined as an individual with CAD in first-degree relatives.

Coronary angiography and OCT procedure
--------------------------------------

Diagnostic angiograms were performed via radial access using a 5-Fr catheter. A 5000 IU bolus of heparin was administered. For OCT implementation, a 0.014-inch distal guidewire was placed in the target vessel and 200 mg of nitroglycerin was injected intracoronarilly through a 6-Fr guide catheter. Images of frequency domain OCT were acquired using the C7-XRTM OCT Intravascular Imaging System, (St. Jude Medical, St. Paul, MN, USA), which uses advanced imaging techniques to identify the culprit lesion. During image acquisition, coronary blood flow was replaced by continuous flushing of contrast agent directly from the guiding catheter at a rate of 3--4 ml/s using a power injector, thereby creating an almost blood-free situation at 20 mm/s with the integrated automated pull-back device.

OCT image analysis
------------------

Offline OCT images were analyzed by the operator who performed the pull-back and by an independent investigator who was unaware of the clinical presentation; the outcomes of inconsistent OCTs were resolved by consensus. The culprit lesions were classified as thin-cap fiber atheroma (TCFA), thrombus, and other. TCFA refers to a fiber cap-covered plaque with a lipid arc \>90° and a thickness \<65 μm \[[@b8-medscimonit-25-5306]\]. Plaque erosion was defined by the presence of preserved vascular integrity (intact fibrous cap), a larger residual lumen, and a platelet-rich thrombus \[[@b9-medscimonit-25-5306]\]. A vasa vasorum was defined as a small black hole within a plaque with a diameter of 50--300 μm that was present on at least 3 consecutive frames in pull-back images \[[@b10-medscimonit-25-5306]\]. Cholesterol crystals were defined as thin-linear structures with high backscattering without attenuation within the plaque \[[@b11-medscimonit-25-5306]\]. Thrombus (white or red), plaque rupture, macrophage accumulation, calcified nodules, fibrotic plaques, the maximum lipid arc, and the cross-sectional stenosis area (%) were determined according to the International Working Group for Intravascular Optical Coherence Tomography (IWG-IVOCT) Consensus standards \[[@b12-medscimonit-25-5306]\].

Laboratory measurements
-----------------------

After overnight fasting, the patient's venous blood sample was taken in an EDTA tube and immediately placed on ice. Samples were kept at −20°C and analyzed within 1 week. Plasma total homocysteine was measured by high-performance liquid chromatography.

Statistical analysis
--------------------

Categorical data were presented as counts and proportions and were compared using the χ^2^ test. Normally distributed data were presented as mean ±SD and were compared using the *t* test. Univariate and multivariate regression analysis were performed for independent predictors. Statistical analysis was performed with SPSS 22 software. P value \<0.05 was considered to be a significant difference.

Results
=======

Baseline clinical data and plaque characteristics
-------------------------------------------------

123 patients had previously undergone coronary angiography and OCT. Baseline clinical features and coronary angiography data were not significantly different between the 2 groups ([Table 1](#t1-medscimonit-25-5306){ref-type="table"}). Patients in the HHcy group had a higher proportion of TCFA (p=0.027), vasa vasorum (p=0.013), thrombus (p=0.012), and larger lipid arc (p=0.002) compared with the control group ([Table 2](#t2-medscimonit-25-5306){ref-type="table"}).

Multivariate analysis
---------------------

Multivariate regression analyses were performed to assess individual predictors of the presence of TCFAs and thrombus in culprit lesions in these patients. Risk factors (P\<0.05) from univariate analysis were included in the multivariate analysis ([Table 3](#t3-medscimonit-25-5306){ref-type="table"}). After the other risk factors were adjusted HHcy \[odds ratio (OR): 2.505, 95% confidence interval (CI): 1.059--5.929, P=0.037\] and MetS (OR: 2.747, 95% CI: 1.203--6.273, P=0.016) were independent predictors of TCFAs for the young CAD patients. HHcy (OR: 3.403, 95% CI: 1.154--10.038, P=0.026) and smoking (OR: 9.112, 95% CI: 1.979--41.951, P=0.005) were independent determinants of thrombus for the young patients with CAD. [Figure 1](#f1-medscimonit-25-5306){ref-type="fig"} was a representative OCT image of TCFA ([Figure A1, A2](#f1-medscimonit-25-5306){ref-type="fig"}), red thrombus ([Figure B1, B2](#f1-medscimonit-25-5306){ref-type="fig"}), and white thrombus ([Figure C1, C2](#f1-medscimonit-25-5306){ref-type="fig"}).

Discussion
==========

The main findings of our study were as follows: (1) HHcy and MetS were independent predictors of TCFAs, and (2) HHcy and smoking were independent predictors of thrombus. This is the first OCT study to investigate the relationship between OCT-culprit plaque phenotype and HHcy in young patients.

Although there is at least 1 cardiovascular risk factor in most CAD patients, 20% of CAD patients have no conventional risk factors \[[@b13-medscimonit-25-5306]\]. Studies showed that HHcy is an independent, modifiable risk factor in patients with ischemic heart diseases and thrombosis \[[@b14-medscimonit-25-5306],[@b15-medscimonit-25-5306]\]. A meta-analysis revealed a positive correlation between plasma homocysteine concentration and ischemic heart disease \[[@b16-medscimonit-25-5306]\]. HHcy is believed to promote atherogenesis and atherothrombosis through several mechanisms \[[@b17-medscimonit-25-5306],[@b18-medscimonit-25-5306]\]. Enzyme genetic defects involved in homocysteine metabolism, including 5,10-methylenetetrahydrofolate reductase, methionine synthase, and cystathionine-β-synthase, may cause HHcy \[[@b19-medscimonit-25-5306]\]. It can also be caused by nutritional deficiencies of folate, vitamin B6, and vitamin B12 \[[@b19-medscimonit-25-5306]\]. The blood concentrations of folate, vitamin B12, and vitamin B6 are inversely related to total homocysteine content; therefore, malnutrition leads to an increased risk of HHcy in people with low blood concentrations of these components \[[@b19-medscimonit-25-5306],[@b20-medscimonit-25-5306]\]. Hcy triggers proliferation of vascular smooth muscle cells, and it also helps to increase the activity of 3-hydroxy-3-methylglutaryl coenzyme-A (HMG-CoA) reductase, which in turn increases cholesterol synthesis \[[@b21-medscimonit-25-5306]\]. High serum cholesterol can promote atherosclerosis and is a risk factor for CAD. Hcy inhibits nitric oxide synthase activity, leading to endothelial dysfunction \[[@b22-medscimonit-25-5306]\]. The Hcy metabolism generates reactive oxygen species that can directly injure the endothelium. Moreover, Hcy is a potent procoagulant with a high level of Hcy, and can cause endothelial injury by oxidative modification of LDL-cholesterol, influence coagulation factors such as platelets, and arterial smooth muscle. These eventually lead to arterial mural thrombosis and fibrin deposition. A prospective randomized placebo-controlled intervention study evaluating coronary endothelial function in CAD patients with HHcy found that coronary endothelial function was improved after treatment with folic acid and cobalamin \[[@b6-medscimonit-25-5306]\]. Another randomized double-blind placebo-controlled trial showed folic acid reduced the level of plasma homocysteine and was associated with improved endothelial function in CAD patients \[[@b23-medscimonit-25-5306]\].

A meta-analysis showed that TCFA is a strong predictor of culprit plaque rupture in all ACS scenarios \[[@b24-medscimonit-25-5306]\]. Our study is the first to show that HHcy is a TCFA independent risk factor. Three-vessel virtual histology-intravascular ultrasound (VH-IVUS) analysis showed that DM and MetS patients had a larger plaque-plus-media burden, larger necrotic core, and more frequent VH-IVUS-derived TCFA in coronary arterial trees compared to patients without DM or MetS, suggesting that there is more plaque vulnerability in DM and MetS patients (59±9 years of age) \[[@b25-medscimonit-25-5306]\]. Compared with control subjects, coronary plaques in patients with MetS (60±11 years) contain more lipid, as identified using OCT \[[@b26-medscimonit-25-5306]\].

We also found that MetS is an independent predictor of TCFA; this result is in contrast to an earlier report that the presence of MetS was not associated with VH-derived TCFA in patients (64.7±9.5 years) with stable angina pectoris (SAP) \[[@b27-medscimonit-25-5306]\].

Case-control and cross-sectional studies clearly indicated that mild-to-moderate HHcy is associated with increased risk of arterial and venous thrombosis. However, additional studies are required to unequivocally determine whether HHcy is a causal risk factor of thrombosis, especially of the venous circulation \[[@b28-medscimonit-25-5306]\]. Cigarette smoking promotes thrombotic changes by platelet activation and enhancing the effects of clotting factors, and both play a prominent role in formation of thrombi \[[@b29-medscimonit-25-5306]\]. Prior observational studies have found a positive association between cigarette smoking and thrombus \[[@b30-medscimonit-25-5306]\].

Conclusions
===========

We demonstrated that HHcy and MetS are independent risk factors of OCT-TCFAs, and HHcy and smoking are related to thrombosis in young patients with CAD.
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###### 

Baseline characteristics of patients enrolled in this study.

                                    HHcy (n=53)   Control (n=70)   P
  --------------------------------- ------------- ---------------- -------
  Male, n (%)                       49 (92.5)     58 (82.9)        0.176
  Family history, n (%)             6 (11.3)      4 (5.7)          0.325
  Smoker, n (%)                     33 (62.3)     34 (48.6)        0.147
  Overweight, n (%)                 33 (62.3)     46 (65.7)        0.708
  Hypertension, n (%)               28 (52.8)     35 (50.0)        0.856
  Diabetes mellitus, n (%)          8 (15.1)      14 (20.0)        0.636
  Hypercholesterolemia, n (%)       9 (17.0)      12 (17.1)        1.000
  Metabolic syndrome, n (%)         37 (69.8)     45 (64.3)        0.566
  Culprit vessel                                                   
  Left main, n (%)                  0 (0.0%)      4 (5.7)          0.133
  Left anterior descending, n (%)   37 (69.8)     46 (65.7)        0.700
  Left circumflex, n (%)            2 (3.8)       8 (11.4)         0.185
  Right coronary artery, n (%)      14 (26.4)     12 (17.1)        0.266

HHcy -- hyperhomocysteinemia.

###### 

Optical coherence tomography derived plaque characteristics.

                                   HHcy (n=53)   Control (n=70)   P
  -------------------------------- ------------- ---------------- -------
  TCFA, n (%)                      43 (81.1)     44 (62.9)        0.027
  Macrophage accumulation, n (%)   37 (68.9)     38 (54.3)        0.095
  Calcified nodule, n (%)          4 (7.5)       8 (11.4)         0.552
  Vasa vasorum, n (%)              20 (37.7)     12 (17.1)        0.013
  Cholesterol crystal, n (%)       12 (22.6)     12 (17.1)        0.495
  Erosion, n (%)                   4 (7.5)       2 (2.9)          0.401
  Plaque rupture, n (%)            8 (15.1)      10 (14.3)        1.000
  Thrombus, n (%)                  14 (26.4)     6 (8.6)          0.012
  Fibrotic plaque, n (%)           28 (52.8)     46 (65.7)        0.193
  Maximum lipid arc°               257.3±72.7    203.6±114.1      0.002
  \% Area stenosis                 82.5±15.0     82.6±11.3        0.944

HHcy -- hyperhomocysteinemia; TCFA -- thin-cap fibroatheromas.

###### 

Univariate and multivariate analysis for TCFA and thrombus predictors.

                          Univariate analysis   Multivariate analysis                                   
  ----------------------- --------------------- ----------------------- ------- ------- --------------- -------
  TCFA                                                                                                  
   Smoking                1.771                 0.809--3.877            0.153                           
   Overweight             1.686                 0.760--3.739            0.199                           
   Hypertension           2.026                 0.917--4.477            0.081                           
   Diabetes mellitus      0.671                 0.254--1.774            0.421                           
   Hypercholesterolemia   1.042                 0.369--2.942            0.939                           
   Metabolic syndrome     2.783                 1.240--6.246            0.013   2.747   1.203--6.273    0.016
   Hyperhomocysteinemia   2.541                 1.95--5.896             0.030   2.505   1.059--5.929    0.037
  Thrombus                                                                                              
   Smoking                9.918                 2.188--44.951           0.003   9.112   1.979--41.951   0.005
   Overweight             1.364                 0.484--3.847            0.557                           
   Hypertension           1.199                 0.458--3.137            0.712                           
   Diabetes mellitus      1.181                 0.353--3.951            0.788                           
   Hypercholesterolemia   0.491                 0.105--2.299            0.367                           
   Metabolic syndrome     0.915                 0.334--2.504            0.863                           
   Hyperhomocysteinemia   3.829                 1.359--10.789           0.011   3.403   1.154--10.038   0.026

TCFA -- thin-cap fibroatheromas.
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